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157 ABSTRACT

An apparatus for dispending a fluid free of included air
bubbles, such as for example, an adhesive bead, includes

- sensing devices for detecting the presence of an in-

cluded air bubble in the conduit leading from a source

- of the fluid to a discharge of a movable fluid dispenser.

The sensing devices are connected to a motor which
drives an arm on which the fluid dispenser is mounted.
A first sensing device slows movement of the dispenser

~ upon sensing an air bubble in the fluid and a second

sensing device stops movement of the dispenser upon
sensing an air bubble in the fluid. The movement of the
dispenser-1s restarted after a predetermined time period
sufficient to allow the air bubble to pass out of the dis-
penser discharge. The sensing devices advantageously
use a light beam, such as infra-red light or laser, to
detect the presence of the included air bubble. |

3 Claims, 7 Drawing Figures
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MOVABLE FLUID DISPENSER WITH AIR
' BUBBLE DETECTORS FOR CONTROLLING
'DISPENSER MOVEMENT

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention is related to the ﬁeld of detec-
tors and- detecting by light, and more particularly to

apparatus for dispensing a fluid including gas infusion
detecting means. and means for the elimination of the

gas.

- 2. Discussion of the Prior Art |

 As presently contemplated the present invention has
 an immediate practical use in applying a bead of adhe-
- sive to a workpiece. However, it should be made emi-
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 nently clear at the point that the present invention is not

o . limited to applying an adhesive bead to a workpiece.

In enumerable situations, the presence of a gas bubble

 in a liquid has drawbacks.

In the medical field, for example a hazard associated
with the infusion of liquids into a patient is the presence
- of gas, such as air bubbles, in the liquid. -
 In manufacturing, it has now become a common
practice to attach to components of a product together

- with an adhesive material instead of welding. The pres-

ence of a gas bubble, for example, air in the applied

adhesive results in a location of a weak bond between_

-the workplece components o
SUMMARY OF THE INVENTION |

" It is an object .of the present invention to provide an

' ~ apparatus for dispensing a fluid which provides not only

for the detection of a gas bubble in a fluid, but also for

- the elimination of the gas bubble without interruption to
- the dispensing of liquid free of included gas bubbles.

It 1s another object of the present invention to pro-

- vide an apparatus for dispensing a fluid which provides
. for the detection of a gas bubble in the fluid being dis-
~ pensed and elimination of the gas bubble and, therefore,

the potentially adverse void created by the gas bubble in
the dtspensed fluid. |

It 1s yet another object of the present invention to
‘provide an apparatus for dispensing a fluid of the class

o described wherein the gas bubble is detected using light.

The present invention, in one advantageous embodi-

“ment, provides an apparatus for dispensing a fluid com-

- prising a source of the fluid, conduit means through

" which the fluid is transferred from the fluid source,
~ means for moving the fluid from the source through the
- conduit means, means for sensmg the presence of a gas

B bubble included in the fluid moving through the conduit
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BRIEF DESCRIPTION OF THE DRAWINGS

The advantages and objectives of the present inven-
tion will become even more ciear upon reference to the
following description in conjunction with the accompa-
nying drawings in which like numerals refer to like

- parts throughout and wherein:

- FIG. 1 1s a schematic representation of one embodi-

_ment of the apparatus of the present invention for dis-

pensing a fluid;
FIG. 2 is a schematic representation of another em-
bodiment of the apparatus of the present invention for
dispensing a fluid; |
FIG. 3 is a schematic representation of yet another
embodiment of the apparatus of the present invention.
FIG. 4 is a schematic representation of still another
embodiment of the apparatus of the present invention;
FIG. 5 1s a schematic representation of a further em-

" bodiment of the apparatus of the present invention;

20

FIG. 6 is a schematic representation of yet a further

- embodiment of the apparatus of the present invention;

235
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_and

FIG. 7 1s a cross-sectional view of a gas bubble sens-

-ing device which is a component of the apparatus of the

present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

With reference to FIG. 1, there is shown an appara-
tus, generally denoted as the numeral 10, of the present
invention for dispensing a fluid 12. As shown, the appa-

- ratus 10 includes conduit means, generally denoted as

35

the numeral 14 in flow communication with a source 16

~of fluid 12.

The conduit means 14 is shown as having a fluid inlet
branch 18, a fluid bleed branch 20 in flow communica-
tion with the inlet branch 18, and a fluid dispensing

‘branch 22 in flow communication with the inlet branch

18. The inlet, bleed and dispensing branches are shown
as intersecting at a T-fitting 24. The inlet branch 18 1s

- connected to a fluid pump 26 located at the fluid source

435

16 for moving the fluid 12 from the source 16 through
the conduit means 14. |

The apparatus 10 includes gas bubble sensing means,
generally denoted as the numeral 28, for sensing the

presence of a gas bubble included 1n the fluid moving

- through the conduit means 14. The gas bubble sensing

>0

" means and means responsive to the sensing means for

o bleeding the gas bubble from the fluid moving through

o the conduit means.

~ The present invention, in another advantageous em-

o _bodlment provides an apparatus for dispensing a fluid

. comprising a source of fluid, conduit means through
- which the fluid is transferred from the liqmd source,.
- means for moving the fluid from the fluid source
" through the conduit means, means for sensing the pres-
‘ence of a gas bubble included in the fluid moving

through the conduit means, and means responsive to the

; ~ sensing means for bleeding the gas bubble from the fluid

_movmg through the conduit means without interrup-
~ tion to the flow of ﬂuld not havmg an mcluded gas

| bubble

35

means 28 is located in the fluid inlet branch 18 of the
conduit means 14 for sensing an included gas bubble

‘before the gas bubble would reach the fluid dispensing

branch 22 and the fluid bleed branch 20 of the 'conduit

- means 14.

Bleed valve means denoted as the numeral 30 is lo-
cated in the fluid bleed branch 20 for opening and clos-

ing the fluid bleed branch 20. The bleed valve means 30
is operatively associated with the gas bubble sensing

means 28 so that the bleed valve means 30 will open and |

close in response to the sensing or detection of an in-
cluded gas bubble by the sensing means 28. When the
sensing means 28 detects an included gas bubble 1n the
fluid flowing in the fluid inlet branch 18 of the conduit

- means 14, it causes the bleed valve means 30 to open

65

allowing the portion of the fluid having the included gas
bubble to flow through the fluid bleed branch 20 of the
conduit means 14 bypassing the fluid dispensing branch
22. After the inciuded gas bubble has passed the bleed

- valve means 30, the bleed valve means 30 1s closed so

that fluid not having an included gas bubble will flow to
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the fluid dispensing branch 22 of the conduit means 14.
Toward this objective, timer means 32 is associated
with the bleed valve means 30 and the gas bubble sens-
ing means 28. The timer means 32 closes the bleed valve

means 30 after a predetermined time measured from the

time the sensing means 28 opens the bleed valve means
30 sufficient to allow the included gas bubble detected

by the sensing means 28 to pass the open bleed valve
means 30 so that fluid not having an included gas bubble
will move through the fluid dispensing branch 22.

In addition, as shown, the apparatus 10 has a fluid
check valve means 34 located in the fluid dispensing
branch 22 of the conduit means 14. The check valve
means 34 prevents the back flow of pressurized fluid
already in the dispensing branch 22 into the bleed
branch 20 when the bieed valve means 30 is open.

The bleed branch 20 is open at a discharge end 36
downstream of the bleed valve means 30 to a reservoir

37 for waste fluid which had included gas bubbles bleed

~ from the apparatus 10.

The fluid dispensing branch 22 has, for example, a
dispensing nozzle device 38 at its discharge end 40 for
controlling the discharge of the fluid.

With reference to FIG. 2, there is shown an appara-
tus, generally denoted as the numeral 110, which is a
somewhat modified version of the apparatus 10 of FIG.
1. Therefore, the components in common between the
apparatus 10 and 110 are denoted by the same numerals

iz and the description therof will not be repeated for the
%> sake of brevity. The main difference between the appa-

ratus 10 and 110 is that the check valve 34 has been
replaced by a shut-off valve 134 operatively associated
with the sensing means 28 to open and close in response

.- to the detection of an included gas bubble detected by
the gas bubble sensing means 28. Toward this end, the

shut-off valve 134 is also interconnected with the timer
means 32. In operation, when the sensing means 28
causes the bleed valve means 30 to open, it also causes
the shut-off valve 134 to close thus preventing the flow
of fluid into the fluid dispensing branch 22 of the con-

4 dutt means 14. After the predetermined time has

elapsed, the timer means 32 closes the bleed valve
means 30 and concurrently opens the shut-off valve 134
to allow the flow of fluid through the fluid dispensing
branch 22. |

It 1s contemplated that the bleed valve means 30 and
shut-off valve means 134 can be replaced by an equiva-
lent three-way valve means located at the intersection
of the intersection of the inlet branch 18, fluid bleed
branch 20 and dispensing branch 22 at the location of
the T-fitting 24. The three-way valve means would also
be operatively associated with the timer means 32 to
open and close the bleed branch 20 and dispensing
branch 22 as described in relationship to the bleed valve
means 30 and shut-off valve means 134 as discussed
above.

With reference to FIG. 3, there is shown an appara-
tus, generally denoted as the numeral 210, of the present
invention for dispensing a fluid 12 which includes the
same principles as the apparatus 10 of FIG. 1.

The apparatus 210 includes conduit means 214 in flow
communication with the source 16 of the fluid 12. The
conduit means 214 comprises a manifold system, gener-
ally denoted as the numeral 217, having a plurality of

- fluid 1nlet branches 218A, 218B, 218C, fluid bleed

branches 220A, 220B, 220C, and fluid discharge
branches 221A, 221B, 221C. Each fluid discharge
branch 221 is in flow communication with a different
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one of the fluid inlet branches 218, and each one of the
fluid bleed conduits 220 is in fluid flow communication
with a different one of the fluid inlet branches 218, and
each one of the fluid bleed conduits 220 is in fluid flow

communication with a different one of the fluid inlet

branches 218. For example, the manifold system 217
comprises three stems 223A, 223B, and 223C. The first

stem 223A comprises the fluid inlet branch 218A, the

fluid bleed branch 220A, and the fluid discharge branch
221A 1 mutual flow communication; the second stem

223B comprises the fluid inlet branch 218B, the fluid

bleed branch 220B and the fluid discharge branch 221B
in mutual flow communication; and the third stem 223C

comprises the fluid inlet branch 218C, the fluid bleed
branch 220C, and the flmid discharge branch 221C in
mutual flow communication. The inlet, bleed and dis-
charge branches of each manifold stem 223A, 223B and
223C intersect at a T-fitting. The flmd inlet branches
218A, 218B and 218C are interconnected through a
common fluid feed branch 225 to fluid pump 26 located
at the fluid source 16 for moving the fluid 12 from the
source 16 through the conduit means 214, and the mani-
fold stems 223A, 223B and 223C are disposed in parallel
fluid flow relationship. Therefore, fluid 12 is concur-
rently moved through all of the manifold stems 223A,
223B and 223C. The fluid discharge branches 221A,
2218 and 221C are interconnected to a common fluid
dispensing branch 222 which will dispense fluid flowing
through any one, or any combination of the manifold
stems 223A, 223B and 223C.

Each of the manifold stems 223A, 223B and 223C
includes gas bubble sensing means 28 for sensing the
presence of a gas bubble included in the fluid moving
through each manifold stem 223A, 223B and 223C.
Preferably, there is sensing means 28 disposed in each
one of the fluid inlet branches 218A, 218B and 218C for
sensing an included gas bubble before the gas bubble
would reach the fluid dispensing branch 222, and more
particularly, before it would reach the fluid discharge
branches 221A, 221B and 221C of the conduit means
214.

Bleed valve means 30 1s located in each of the fluid
bleed branches 220A, 220B, 220C for independently
opening and closing the fluid bleed branches 220A,
220B, 220C. Each bleed valve means 30 is operatively
associated with the gas bubble sensing means 28 which
is located in the same manifold stem 223 so that the °
bleed valve means 30 will open and close in response to
the sensing or detection of an included gas bubble by
the sensing means 28. When a sensing means 28 detects
an included gas bubble in the fluid flowing in the fluid
inlet branch 218, it causes the bleed valve means 30 to
open allowing the portion of the fluid having the in-
cluded gas bubble to flow through the fluid bleed
branch 220 by-passing the fluid dispensing branch 222.
After the included gas bubble has passed the bleed valve
means 30, the bleeed valve means 30 is closed so that
flmid not having an included gas bubble will flow
through the fluid branch 221 to the dispensing branch
222. Toward this objective, timer means 32 is associated
with each bleed valve means 30 and each bubble sensing
means 28. The timer means 32 closes the bleed valve
means 30 after a predetermined time measured from the
time the sensing means 28 opens the bleed valve means
30 sufficient to allow the included gas bubble detected
by the sensing means 28 to pass the open bleed valve
means 30 so that fluid not having an included gas bubble
will move through the fluid dispensing branch 222.



In addition, as shown the apparatus 210 has fluid
check valve means 34 located in each of the fluid dis-

charge branches 221A, 221B, 221C of each manifold

~ stem 223A, 223B, 223C._ The check valve means 34

- prevents the back flow of pressurized fluid already in
~ the fluid discharge branch 221 into the bleed branch 220

- when the bleed valve means 30 is open.

‘Each bleed branch 220A, 220B, 220C is open at a

- dlscharge end 236 downstream of the bleed valve means
30 to a reservoir 237 for waste fluid which had included

- - gas bubbles bleed from the apparatus 210.

~ The fluid dispensing branch 222 has, for example, a
dlspensmg nozzle device 38 at its discharge end 40 for

. '._-.-controlllng the discharge of the fluid.

In operation of the apparatus 210, when mcluded gas

| bubbles are detected in the fluid ﬂowmg in any of the

‘manifold stems 223A, 223B, 223C, the sensing means 28

)

10

13

'_ in that manifold stem will cause the bleed valve means -

- 30 in that manifold stem to open to bleed the gas bubble
from the system through the bleed branch 220A, 220B,
220C of that manifold stem thus preventing the fluid
having the included gas bubble from flowing through

~ the fluid discharge branch 221A, 221B, 221C in that
-~ manifold stem to the common fluid dispensing branch

~ 222. However, fluid not having-an included gas bubble

~ flowing in the other manifold stems 223A, 223B, 223C

20

25

 will continue to flow to the common fluid dispensing

~ branch 222 so that there is no interruption to the flow of
- =~ flmd through the apparatus 210 to be dispensed.

‘With reference to FIG. 4, there is shown an apparatus

~ 310 which is a somewhat modified version of the appa-
- ratus 210 of FIG. 3. Therefore, the components in com-

B ‘mon between apparatus 210 and 310 are denoted by the

- -same numerals and the description thereof will not be

repeated for the sake of brevity. The main difference
- between the apparatus 210 and 310 1s that the check
. valve means 34 in each of the fluid discharge branches

- 221A, 221B, 221C have been replaced by a shut-off

valve 134 operatively associated with the sensing means

. 28 to open and close in response to the detection of an
-+ 1ncluded gas bubble detected by the gas bubbie sensing
.+ means 28 located in the same manifold stem 223A, 223B,
- 223C. Toward this end, the shut-off valve 334 is also
- interconnected with the timer means 32. In operation,

when the sensing means 28 causes the bleed valve
means 30 to open, it also causes the shut-off valve 334 in

‘branch 221A, 221B, 221C and into the fluid dispensing
branch 222 of the conduit means 214. After the prede-
- termined time has elapsed, the timer means 32 closes the
- bleed valve means 30 and concurrently opens the shut-
off valve 334 to allow the flow of fluid to the fluid
 discharge branch 221A, 221B, 221C to the common
- fluid dispensing branch 222.
- It is contemplated that the bleed valve means 30 and

" '_ | 'shut-off valve means 134 in each manifold stem 223A,
- 223B and 223C be replaced by an equivalent three-way

valve means located at the intersection of the fluid inlet
“branch 218, fluid bleed branch 220 and fluid discharge
- branch 221 of the manifold stem 223. The three-way
- valve means would also be operatively associated with
‘the timer means 32 to open and close the bleed branch

220 and discharge branch 221 as described in relation-

- ship to the bleed valve means 30 and shut-oﬁ' valve
-means 134 as discussed-above. |

30
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nents in common with the apparatus 210 of FIG. 3 and
apparatus 310 of FIG. 4. The common features and
components are denoted by identical numerals and the
description thereof will not be repeated for the sake of
brevity.

The main difference between the apparatus 410 and
the apparatus 210 and 310 is that the timer means 32 is
eliminated. In place of the timer means 32 for closing
the bleed valve means 30, the apparatus 410 uses second
gas bubble sensing means 429 located in each fluid bleed
branch 220A, 220B, 220C. Each second gas bubble
sensing means 429 is positioned downstream of the
bleed valve means 30 and is operatively connected to
the bleed valve means 30 in the same fluid bleed branch
220A, 220B, 220C.

In operation, when the first gas bubble sensing means
28 detects an included gas bubble in the fluid flowing
through the fluid inlet branch 218A, 218B, 218C it

“causes the bleed valve means 30 in the same manifold

stem 223A, 223B, 223C to open, as discussed in regard

‘to the embodiments of FIGS. 3 and 4, to bieed the por-

tion of the fluid having the included gas bubble through
the fluid bleed branch 220A, 220B, 220C. The second
gas bubble sensing means 429 detects the passing of the
included gas bubble, and after it has passed the second

gas bubble sensing means 429, the second gas bubble

sensing means 429 causes the bleed valve means 30 to
close. If the shut-off valve means 134 of the apparatus

310 1s also included in the apparatus 410 instead of

check valve means 34, the second bubble sensing means

- 429 1s also operatively assoctated with the shut-off valve

means 134 so that after the included gas bubble has
passed the second gas bubble sensing means 429, it also
causes the shut-off valve means 134 to open.

'FIG. 6 illustrates an apparatus, generally denoted as

‘the numeral §10, for dispensing fluid to a workpiece

- 311. The apparatus 510 includes conduit means, gener-
~ ally denoted as the numeral 514, in flow communication
- with a source 16 of fluid 12.

40

45
- the same manifold stem 223A, 223B, 223C to close, thus
- preventing the flow of fluid through the fluid discharge

30

The conduit means 514 is shown as having a fluid

‘inlet branch 518 and a fluid dispensing branch 522. The
- flmd inlet branch 518 is connected to a fluid pump 526
located at the fluid source 16 for moving the fluid 12

from the source 16 through the conduit means 514.
‘A fluid dispensing nozzle device 538 is located at the

discharge end 540 of the fluid dispensing branch 522 for
controlling the dispensing of the fluid on the workpiece

511, The flmid dispensing nozzle device 538 1s mounted
for movement along a predetermined path over the

workpiece 511. Therefore, the fluid dispensing branch
522 should be relatively long and of flexible construc-

~ tion. The dispensing nozzle device 538 can be mounted

33

60.
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- FIG. § illustrates an apparatus gcnerally denoted as

| tha numeral 410 whlch has many features and compo-

'known in the art and will,
- discussed here.

to a movable manipulating arm 542 and the manipulat-
ing arm 542 is driven along the predetermined path by,

for example, electric motor S44. The movable manipu-

lating arm 542 and drive motor 544 arrangements are
therefore, not be further

It is an objective of the apparatus 510 to stop move-
ment of the movable arm 542 when there is an included
gas bubble in the fluid being dispensed to prevent a void

‘in the fluid dispensed on the workpiece 511. However,

it has been determined that due to the momentum of
typical moving arms 542 that it is virtually impossible to
immediately stop the arm 542. Toward this objective
and to overcome this problem, the apparatus 510 in-
cludes first bubble sensing means 528 located in the fluid
dispensing branch 522 upstream of the dispensing noz-
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zle device 538 and second bubble sensing means 529
‘located immediately upstream of the discharge §46 of
the nozzle device 538. Both first and second gas bubble
sensing means 528 and 529 are operatively associated
through appropriate controis 548 to the electric motor
544 driving the movable arm §42. When the first bubble
sensing means 528 detects an included gas bubble in the
fluid moving in the dispensing branch 522 to the nozzle
~device 538 it causes the electric drive motor 344 to
slow, thus, slowing the movement of the arm 542. The
included gas bubble nitially detected by the first bubble
sensing means 528 continues to move with the fluid
through the nozzle device 538 to the nozzie discharge
546 whereat the second bubble sensing means 529 de-
tects the included gas bubble and causes the motor 544
to stop, thus, stopping movement of the arm 542. The

10

15

motor control 548 also includes timer means for restart-

ing the electric motor 544 driving the arm 542 after a
predetermined length of time sufficient to allow the
included gas bubble to pass through the nozzle dis-
charge 546 so that when the arm 542 resumes move-
ment fluid free of included gas bubbles 1s being dis-
pensed to the workpiece, thereby preventing voids in
the fluid dispensed to the workpiece.

With reference to the above discussed apparatus, the
bleed valve means 30 and shut-off valve means 134 can
be solenoid activated valves. Also, the timer means 32
would also include an amplifier to amplify the signal
from the gas bubble sensing means 28.

FIG. 7 iliustrates an advantageous embodiment of a
gas bubble sensor 28, 429, 528, 529 used in the above-
described apparatus 10, 210, 310, 410 and 510 of the
present invention. As shown, the gas bubble sensor
includes a housing 650 formed with a flow-through
passage 652 for fluid flow through the housing 650. The
diameter of the passage 652 is smaller than the bore of
the fluid conduits of the fluid conduit means of the
above-described apparatus. A bore 654 is formed
through the housing 650 open to one side of the passage
652 and another similar bore 656 is formed through the
housing 650 open to the other side of the passage 652.
The openings of the bores 654 and 656 are in alignment
with each other across the diameter of the passage 652.
A light source 658 is located in one of the bores, for
example, bore 654, to direct light across the passage 652.
A light.sensor 660 is located in the other one of the
bores, for example, bore 656, to receive the light eminat-
ing from the light source 658. The light source 658 may
be of the type generating, for example, an ultra-violet
light, infra-red light, or a laser generated light. The
wave length of the light will depend to an extent on the
type of fluid to be passed through the sensor device.
The light transmission characteristics of the fluid flow-
ing in the passage 652 will, of course, change as a gas
bubble included in the fluid 12 passes between the light
source 658 and light sensor 660. This change may be a
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change in the brightness of the light passing from the
light source 658 to the light sensor 660. In some applica-
tions, the fluid is abrasive. In order to protect the light
source 658 and light sensor 660 from the abrasive fluid,
a lens 662 is placed over the opening of each bore 654 at
the flow-through passage 652. It has been determined
that a lens 662 made of sapphire works well.

The foregoing detailed description i1s given primarily
for clearness of understanding and no unnecessary limi-
tations should be understood therefrom for modifica-

tions will become obvious to those skilled in the art
upon reading this disclosure and may be made without
departing from the spirit of the invention or scope of the

appended claims.

What is claimed is:

1. An apparatus for dispensing a fluid comprising:

a source of fluid;

conduit means in flow communication with the fluid
SOTUCE;

means for moving the fluid from the source through
the conduit means:

dispensing means having a fluid discharge associated
with the conduit means for controlling the dispens-
ing of fluid from the conduit means;

means for moving the dispensing means along a pre-
determined path;

first means for sensing the presence of a gas bubble
included 1n the fluid moving through the conduit
means upstream of the dispensing means, the first
sensing means being operatively associated with
the dispensing means moving means for slowing
the movement of the dispensing means when an
included gas bubble 1s sensed by the first sensing
means; and,

second sensing means for sensing the presence of a
gas bubble included in the fluid moving in the dis-
pensing means upstream of the fluid discharge of
the dispensing means, the second sensing means
being operatively associated with the dispensing
means moving means for stopping the movement
of the dispensing means when an included gas bub-
ble is sensed by the second sensing means. .

2. The apparatus of claim 1, further comprising timer

means operatively associated with the dispensing means

moving means for restarting the dispensing means mov-

ing means after a predetermined time, measured from

the time the second sensing means senses an included

gas bubble, sufficient to allow the included gas bubble

to pass out of the discharge of the dispensing means.
3. The apparatus of claim 1 wherein each of the first

and second gas bubble sensing means comprises:
a light source disposed for directing a beam of light

across the moving fluid; and,

a light sensor disposed for receiving the beam of light

from the light source across the moving fiuid.
% % %* * %
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